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TI Review article: ***gene*** ***therapy*** in gastroenterology and 
hepatology. 

***Q ene *** *** t h era py*** f or (ji seases 0 f the gastrointestinal 

tract is an exciting prospect because of the fundamental cure that is 

potentially available. The gastrointestinal system, and especially the 

liver, is an area that will be central to the development of ***gene*** 
♦♦♦therapy*** . Techniques for gene replacement include 
* ♦♦homologous*** ***recombination*** and gene augmentation. For the 

treatment of cancer antisense strategy, pro-drug activation systems and 

gene immunotherapy are being investigated. Gene-carrying. . . numbers 

of target cells in vivo is still a major barrier to clinical use. Diseases 

that may be helped by ***gene*** ***therapy*** include: 

gastrointestinal malignancies, viral hepatitis, the haemophilias, 

hypercholesterolemia, alpha 1 -antitrypsin deficiency, and metabolic 

diseases of the liver and ***cystic*** ♦♦♦fibrosis^** , In this 

review we will outline the principles of ***gene*** ***therapy*** , 

delivery vectors under investigation, diseases that may benefit from this 

technology and some of the remaining problems to be overcome. 
ACCESSION NUMBER: 1998015741 MEDLINE 
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TITLE: Review article: ***gene*** *** m erapy*** in 

gastroenterology and hepatology. 
AUTHOR: Forbes S J; Hodgson H J 

CORPORATE SOURCE: Liver Group Laboratory, Royal Postgraduate Medical School, 
London, UK. 

SOURCE: ALIMENTARY PHARMACOLOGY AND THERAPEUTICS, ( 1 997 Oct) 1 1 (5) 

823-36. Ref: 98 
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AB In preparation for a ***gene*** ***therapy*** approach to 
♦♦♦cystic*** ***flbrosis*** involving the precise repair of 
mutations on the CF gene by ***homologous** + ***recombination*** , 
we developed a method that would allow for selection of the CFTR+ cells 
originated in gene targeting experiments on CFTR- cells in vitro. The 
method is based on the differential sensitivity we observed between CFTR+ 
and CFTR- cells to agents stimulating cyclic adenosine monophosphate 
(cAMP). Controlled treatment with epinephrine or forskolin allows for 
selectively killing CFTR- cells. The efficiency of the selection method 
would make it suitable for rescuing the few corrected cells originated 
from rare ***homologous*** ♦♦♦recombination*** events. 

AB In preparation for a ***gene*** ***therapy + * # approach to 
♦♦♦cystic*** ***fibrosis*** involving the precise repair of 
mutations on the CF gene by ***homoIogous*** ***recombination*** , 
we developed a method that would allow for selection of the CFTR+ cells 
originated in gene targeting experiments on CFTR-. . . cells. The 
efficiency of the selection method would make it suitable for rescuing the 
few corrected cells originated from rare ***homologous*** 
* ♦ *recombination * * * events. 
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H. Mondor, Creteil (Paris), France.. 
SOURCE: GENE THERAPY, (1994 Jan) 1 (1) 59-63. 
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AB A method for ***gene*** ***therapy*** of genetic or infectious 
disease using small fragment homologous replacement is described. The 
method introduces small fragments of exogenous DNA into regions of 
endogenous genomic DNA virtually homologous to the exogenous DNA. The 
exogenous DNA fragments contains sequence modification that correct 
mutations in the endogenous DNA or introduce mutations that alter cellular 
or an infecting pathogen phenotype. The method is tested to correct the 
,delta.F508 mutation found in exon 10 of CFTR gene in vitro in an 
immortalized cell line .sum.CFTE29o- derived from a ♦♦♦cystic*** 

♦♦♦fibrosis*** patient with two .delta.F508 alleles. The defect was 
cor. by transfecting .sum.CFTE29o- with 491 nucleotide recA-coated CFTR 
ssDNA fragment contg. exon 10 and flanking introns by a no. of techniques. 
Allelic-specific PCR was used to assess the ♦♦♦homologous^** 

♦♦♦recombination^*^ frequency. This method was also evaluated in vivo 
using a transgenic mouse expressing a mutant mouse CFTR gene. The same 
strategy was provided for the treatment of other genetic diseases 
including classical ♦♦♦sickle**^ *** ce |]*** ♦♦♦anemia*** and 

***Xeroderma*** ***pigmentosum*** . The advantage of this method is 



that it can overcome the drawback of complementation technique by placing 
the completely repaired sequence under the control of the endogenous gene 
promoter so that the correct gene is expressed at appropriate levels in 
the cell. 

TI ♦♦♦Gene*** ***therapy*** of genetic or infectious diseases by 
small fragment homologous replacement 

AB A method for ♦♦♦gene*** ***therapy*** of genetic or infectious 
disease using small fragment homologous replacement is described. The 
method introduces small fragments of exogenous DNA. . . ,delta.F508 
mutation found in exon 10 of CFTR gene in vitro in an immortalized cell 
line .sum.CFTE29o- derived from a ***cystic*** ***fibrosis*** 
patient with two .delta.F508 alleles. The defect was cor. by transfecting 
.sum.CFTE29o- with 491 nucleotide recA-coated CFTR ssDNA fragment contg. 
exon 10 and flanking introns by a no. of techniques. Allelic-specific PCR 
was used to assess the ***homologous*** ***recombination*** 
frequency. This method was also evaluated in vivo using a transgenic 
mouse expressing a mutant mouse CFTR gene. The same strategy was provided 
for the treatment of other genetic diseases including classical 
***sickle*** ***cell*** ***anemia*** and ***Xeroderma*** 
♦♦♦pigmentosum*** . The advantage of this method is that it can overcome 
the drawback of complementation technique by placing the completely 
repaired. . . 
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AB The present invention relates to management and treatment of 

hemoglobinopathies, such as ***sickle*** ***cell*** ***anemia*** 
and .beta.-thalassemia. The invention also relates to developing research 



animals and cell lines for the study of hemoglobinopathies and their 
therapies. The invention utilizes third strand oligonucleotides to target 
double-stranded nucleic acid sequences in or near the globin genes, or in 
or near sequences controlling expression of those genes to cause either a 
desired mutation (third-strand-targeted mutagenesis method) or nucleic 
acid damage to stimulate ** ""homologous*** ***recombination*** 
(third-strand-targeted * * * homologous* * * * * *recombination * * * 
method) with a supplied donor nucleic acid. 

AB The present invention relates to management and treatment of 

hemoglobinopathies, such as ***sickle*** *** ce u*** ***anemia*** 
and .beta.-thalassemia. The invention also relates to developing research 
animals and cell lines for the study of hemoglobinopathies and their. . 
. controlling expression of those genes to cause either a desired 
mutation (third- strand-targeted mutagenesis method) or nucleic acid damage 
to stimulate ** homologous*** ***recombination*** 
(third-strand-targeted ***homologous*** ***recombination*** 
method) with a supplied donor nucleic acid. 
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AB The invention relates to novel human DNA sequences, targeting constructs, 
and methods for producing novel genes encoding thrombopoietin DNase I and 
.beta.-interferon by homologous recombination. The targeting constructs 
comprise at least: (a) a targeting sequence; (b) a regulatory sequence; 
(c) an exon; and (d) a splice-donor site. The targeting constructs, which 
can undergo homologous recombination with endogenous cellular sequences to 
generate a novel gene, are introduced into cells to produce homologousiy 
recombinant cells. The homologousiy recombinant cells are then maintained 
under conditions which will permit transcription of the novel gene and 
translation of the mRNA produced, resulting in prodn. of either 
thrombopoietin, DNase I, or .beta.-interferon. The invention further 
relates to methods of producing pharmaceutically useful prepns. contg. 
thrombopoietin, DNase I or .beta.-interferon from homologousiy recombinant 
cells and methods of ***gene*** ***therapy*** comprising 



administering homologously recombinant cells producing thrombopoietin, 
DNase I, or .beta.pinterferon to a patient for therapeutic prospects. 
TI Thrombopoietin, DNase I, or .beta.-interferon ***gene*** 
♦♦♦therapy*** , targeting sequences for ** ♦homologous*** 
♦♦♦recombination*** , and treatment of platelet disorder, ***cystic*** 
***fibrosis*** , or multiple sclerosis 
AB . . . to methods of producing pharmaceutical ly useful prepns. contg. 
thrombopoietin, DNase I or .beta.-interferon from homologously recombinant 
cells and methods of ♦♦♦gene*** ***therapy*** comprising 
administering homologously recombinant cells producing thrombopoietin, 
DNase I, or .beta.pinterferon to a patient for therapeutic prospects. 
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AB A method to correct is provided to correct the mutation(s) behind a 
genetic disease in the genome of somatic cells derived from an individual 
afflicted with this disease by contacting the cells with the corresponding 
non-mutant DNA-fragment to allow it to undergo ***homologous*** 



♦♦♦recombination*** and, thus, replace a DNA sequence of the somatic 
cell genome, wherein the mutation(s) is(are) located. The cells obtained 
can be administered to an individual as a treatment of the disease. A 
DNA-liposome suspension comprising the non-mutant DNA-fragment can be used 
as a DNA-vehicle in the process. In addn., it can be administered to an 
individual to obtain correction of mutation(s) by in vivo integration of 
the said DNA into a mutated gene by ***homologous*** 

♦♦♦recombination*** . Diseases for which the responsible mutations have 
been identified and which, thus, could be treated by the above method are 
autosomal and X-linked genetic disorders, such as von Willebrand's 
disease, ***sickle*** - ♦♦♦cell*** ***anemia*** , 
.beta. -thalassemia, hemophilia A and B, and ♦♦♦ cvs tic + ** 

***fibrosis*** . Thus, lymphocytes from a patient with a homozygous 
nonsense mutation (R1659X/R1659X) in exon 28 of the von Willebrand factor 
gene were used to establish Epstein-Barr virus-transformed lymphocytes. A 
non-mutant DNA fragment comprised of the whole exon 28 and parts of 
introns 27 and 28 and corresponding to the mutant region, was amplified 
from normal individuals, cloned, and used to feed a culture of the above 
lymphocytes. Transfer of the non-mutant DNA fragment into the lymphocytes 
was mediated by lipofectamine, a pos. charged liposome. After the cells 
were fed 14 times, the repaired cells amounted roughly to 0.5% of the 
total tested cells. 

TI ♦♦♦Gene*** ***therapy*** using homologous recombination for 
mutation correction 

AB ... an individual afflicted with this disease by contacting the cells 
with the corresponding non-mutant DNA-fragment to allow it to undergo 
***homologous*** ***recombination*** and, thus, replace a DNA 
sequence of the somatic cell genome, wherein the mutation(s) is(are) 
located. The cells obtained can. . . an individual to obtain 
correction of mutation(s) by in vivo integration of the said DNA into a 
mutated gene by ***homoIogous*** ***recombination*** . Diseases 
for which the responsible mutations have been identified and which, thus, 
could be treated by the above method are autosomal and X-linked genetic 
disorders, such as von Willebrand's disease, ♦♦♦sickle*** - ♦♦♦cell*** 
***anemia*** , .beta.-thalassemia, hemophilia A and B, and ♦♦♦cystic*** 
***fibrosis*** . Thus, lymphocytes from a patient with a homozygous 
nonsense mutation (R1659X/R1659X) in exon 28 of the von Willebrand factor 
gene. . . 
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AB A compn. and method for altering the sequence of a DNA fragment by 

♦♦♦homologous*** ***recombination*** is described. The method may 
be used to correct genetic defects in mammals, e.g. those causing 

***cystic*** ***fibrosis*** in man, by ***homologous*** 

♦♦♦recombination*** . The method is superior to complementation with 
cDNA because it produces a complete replacement of the defective DNA 
sequence and places the repaired sequence under the regulatory control of 
the endogenous gene promoter and so ensures that the gene is expressed at 
appropriate levels in the cell. An immortalized human cell line .SIGMA. 
CFTE290-, derived from a ***cystic*** ♦♦*fibrosis +++ patient with 
two .DELTA.F508 alleles, was prepd. This was transfected with recA-coated 
CFTR DNA contg. exon 10 and flanking introns by a no. of techniques. 

***Homologous* + + ***recombination** + occurred and the transfected 
cells expressed wild-type CFTR mRNA. 
AB A compn. and method for altering the sequence of a DNA fragment by 

♦♦♦homologous^ + + ♦♦♦recombination^^ is described. The method may 
be used to correct genetic defects in mammals, e.g. those causing 

*** C y St j c *** ♦ ♦♦fibrosis^* in man, by ♦♦♦homologous + ^ 

♦♦♦recombination*** . The method is superior to complementation with 
cDNA because it produces a complete replacement of the defective DNA 
sequence and. . . the gene is expressed at appropriate levels in the 
cell. An immortalized human cell line .SIGMA. CFTE29o-, derived from a 

***cystic*** ♦♦♦fibrosis^ patient with two .DELTA.F508 alleles, 
was prepd. This was transfected with recA-coated CFTR DNA contg. exon 10 
and flanking introns by a no. of techniques. ♦♦♦Homologous^** 

♦♦♦recombination^** occurred and the transfected cells expressed 
wild-type CFTR mRNA. 
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AB A review with 105 refs. From the *** C ystic*** ***fibrosis*** 
perspective, the discovery of the CFTR gene and the intensive research 
that has followed has already had a major impact. Although made somewhat 
complex by the large no. of different CFTR mutations detected in patients, 
it is now possible to readily detect between 80 and 90% of mutant alleles. 
However, since there is no disease-specific treatment for CF that is aimed 
at the basic defect, research on CFTR has led to attempts to develop 
molecularly based therapies. These fall into at least three general 
categories including ***gene*** ***therapy*** , protein replacement 
therapy, and designed drug therapy. Initial studies with rodents not 
exhibiting any disease symptoms have demonstrated the feasibility of 
effectively delivering expressible CFTR using a virus vehicle. The 
possibility of stimulating alternative CI- channels to circumvent the CFTR 
block is also being explored. One of the main obstructions to the 
development of therapies as well as to basic CF research in general has 
been the lack of an animal model for the disease. Since the cloning of 
CFTR, several groups have been attempting to develop a "CF mouse" by 
interrupting the murine counterpart of CFTR using the ** *homologous*** 
♦"♦recombination*** -embryonic stem cell technol. This has recently been 
accomplished and should further accelerate progress towards completely 
understanding this disease. 

AB A review with 105 refs. From the ***cystic*** ***fibrosis* ++ 
perspective, the discovery of the CFTR gene and the intensive research 
that has followed has already had a major impact.. . . on CFTR has led 
to attempts to develop molecularly based therapies. These fall into at 
least three general categories including ***gene +++ ***therapy*** , 
protein replacement therapy, and designed drug therapy. Initial studies 
with rodents not exhibiting any disease symptoms have demonstrated the 
feasibility. . . CFTR, several groups have been attempting to develop a 
"CF mouse" by interrupting the murine counterpart of CFTR using the 
♦♦♦homologous*** ***recombination*** -embryonic stem cell technol. 
This has recently been accomplished and should further accelerate progress 
towards completely understanding this disease. 
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